TITLE OF THE INVENTION 



OPTICAL PICKUP FOR AN OPTICAL DISK DRIVE 
BACKGROUND OF THE INVENTION 

The present invention relates to an optical disk drive for reading information from an 
optical disk using a laser beam, and more particularly to an optical pickup for an optical disk 
drive for reproducing information from two different types of optical disks using laser beams 
of different wavelengths. 

Generally, an optical disk drive is an apparatus for reproducing information recorded 
on an optical disk using laser beams. An optical disk is a disk-type information recording 
medium which has a signal layer formed by a plurality of pits and lands. The optical disk 
drive projects a laser beam onto the signal layer of the optical disk, detects signals from the 
reflectivity, the phase and the polarized variation of the reflected laser beam and then 
processes the signals so as to reproduce the desired information. 

FIG. 1 is a block diagram of a conventional optical disk drive. As shown, the 
conventional optical disk drive includes an optical pickup 1 for projecting a laser beam to an 
optical disk 10 and for detecting the signal from the reflected laser beam; a driving section 8 
for moving the optical pickup 1 to the desired position on the signal layer; a signal processing 
section 3 for processing the detected signal so as to convert the signal into the desired 
information; and a controlling section 4 for controlling the above elements. The driving 
section 8 includes a spindle motor 5 for rotating the optical disk 10; a thread motor 6 for 
moving the optical pickup 1 ; and a servo section 7 for driving the spindle motor 5 and the 
thread motor 6. 

Upon receipt of an external operation signal, the optical pickup 1 is moved to a 
predetermined position relative to the optical disk 10 and detects the signal recorded in the 
signal layer of the optical disk 10 by projecting a laser beam onto the optical disk 10. The 
detected signal is processed, converted into information by the signal processing section 3 and 
then outputted to other external devices (not shown). 



The optical pickup 1 is an important element of the optical disk drive which detects the 
information recorded in the signal layer of the optical disk 10. FIG. 2 is a diagram of a 
conventional optical pickup 1. The optical pickup 1 is usually positioned below the optical 
disk 10. The optical pickup 1 includes a laser beam source 11 for generating the laser beam 
5 along with an optical system 17 for projecting the laser beam generated from the laser beam 

source 11 onto the optical disk 10 and for transmitting the reflected laser beam. A detector 15 
detects the reflected laser beam to generate the signal. The laser beam source 11 is typically a 
laser diode, while the detector 15 is typically a photo diode which detects the laser beam and 
outputs a corresponding electric current signal. The optical system 17 includes a collimating 
10 lens 16, a prism 12, an objective lens 13, and a light receiving lens 14. 

The optical pickup 1 is operated as follows. First, the laser beam generated from the 
laser beam source, i.e., from the laser diode 11, is transmitted through the collimating lens 16 
and converted into parallel rays. Then, the parallel rays are reflected from the prism 12 
!U toward the optical disk 10. The reflected laser beam is focused on the signal layer of the 
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optical disk 10 through the objective lens 13. The collected laser beam is then reflected from 
the signal layer, transmitted through the objective lens 13 again so as to be converted into 
parallel rays before it is projected to the prism 12. The prism 12 either reflects or transmits 
the laser beam. In other words, the prism 12 reflects the laser beam proceeding from the 
collimating lens 16 to the optical disk 10, while transmitting the laser beam proceeding from 
2@ the optical disk 10 to the light receiving lens 14. The laser beam transmitted through the 

prism 12 is collected by the light receiving lens 14, so that the laser beam is converged on the 
surface of the detector, i.e., on the photo diode 15 in the form of a spot. The photo diode 15 
detects such a spot, and outputs an electric current signal. The electric current signal is 
inputted to the signal processing section 3 where the electric current signal is processed. 
25 The capacity of an optical disk, whose information is reproduced by the optical disk 

drive constructed as above, depends on the wavelengths of the laser beams generated from the 
laser beam sources of the optical pickup 1. More specifically, the shorter the wavelength of 
the laser beam, the smaller the diameter of the optical spot, so that the pits and the lands may 
be more densely formed. As the information recording density of the optical disk is increased, 




a greater amount of data can be recorded on the optical disk (in comparison with another 
optical disk of identical size). 

Known optical disk drives reproduce information from optical disks using a laser beam, 
named 'red laser', having a wavelength of approximately 650nm (nanometer). Recently, 
another type of optical disk drive utilizing a high density system has been developed which 
reproduces the information on the optical disk using a laser beam named 'blue laser', having a 
wavelength of approximately 410nm. The sales of such high density optical disk drives are 
increasing. 

Such density optical disk drives have a shortcoming in that the laser beam source of the 
optical pickup 1, i.e., the laser diode, generates a laser beam of only one wavelength. 
Accordingly, the recently developed high density optical disk using a short wavelength laser 
beam of 410nm may not be used to read the older type of optical disk drive employing a laser 
beam having long wavelength of 650nm. Similarly, the older type of optical disks may not be 
used with the new optical disk drives which uses the short wavelength laser beam of 410nm. 
As a result, the optical disks for two different types of the optical disk drivers may not be 
interchangeably used. 

Accordingly, an optical disk drive capable of using both types of the optical disks has 
been developed. Such a drive uses both a high density optical pickup for the short wavelength 
laser beam of 410nm and a low density optical pickup for the long wavelength laser beam of 
650nm. More specifically, both optical pickups are mounted on the optical disk drive, so that 
the optical pickup corresponding to the optical disk whose information needs to be reproduced 
is selectively used. Another known device uses two different laser diodes and two different 
objective lenses, optimized in accordance with two different laser beams respectively generated 
from the laser diodes, with one optical pickup. Each objective lens is selectively used in 
accordance with the type of optical disk whose information needs to be reproduced. These 
known optical disk drives, however, have shortcomings in that they require too many parts 
with complex structures, resulting as an unduly high manufacturing cost. 
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SUMMARY OF THE INVENTION 



The present invention has been developed to overcome above-described shortcomings 
of the prior art, and accordingly it is an object of the present invention to provide an optical 
5 pickup of an optical disk drive which has a simple structure utilizing one objective lens and 
one photo diode to reproduce information from two types of optical disks designed for laser 
beams of different wavelengths. 

The above object is accomplished by an optical pickup according to the present 
invention including first and second light sources, an optical system, optical detecting means, 
10 and optical conversion means. 

The first and second laser beam sources both use laser diodes to generate first and 

a 

second laser beams, respectively. 

_~ The optical system comprises a first collimating lens diverging the first laser beam at a 

JW predetermined angle that permits a fracture surface aberration of the first laser beam to fall 

below a predetermined value when the first laser beam generated from the first laser beam 

source is collected on the signal layer of the optical disk; a second collimating lens converting 

the second laser beam generated from the second laser beam source into parallel rays; a prism 

H reflecting the laser beam transmitted through the first and second collimating lenses toward the 
M 

optical disk, while transmitting the laser beam reflected from the signal layer of the optical 
^ disk; an objective lens collecting the laser beam reflected from the prism onto the signal layer 
of the optical disk; and a light receiving lens collecting the laser beam reflected from the signal 
layer of the optical disk on the optical detecting means in the form of an optical spot of a 
predetermined size. Here, when the first laser beam has a wavelength of 640-660nm (or 770- 
800nm for a CD), and when the second laser beam has a wavelength of 400-420nm, the 
25 predetermined value is less than or equal to 0.0SX where the X is the wavelength, and the 
predetermined angle ranges from 0.4° to 0.6°. 

The optical detecting means includes a photo diode. 

The optical conversioji mean s converts the first and second laser beams reflected from 
the signal layer of the optical disk into one that can be detected by the optical detecting means, 



m 



and includes a holographic lens having a pattern by which the first laser beam is exclusively 
converted into a parallel ray so that the size of a spot of the first laser beam becomes identical 
with the size of a spot of the second laser beam in the detecting section. 

The pattern of the holographic lens has a concentric annular concave-convex portion in 
5 which a plurality of annular prominences and depressions are arranged. The depression and 
the prominence have a width which is gradually decreased from a center toward a most outer 
circumference of the concentric annular concave-convex portion. Further, an inner surface of 
each prominence has a step-like shape formed with at least one step. Preferably, the number 
of steps ranges from three to five. 

10 The second laser beam generated from the second light source is converted into parallel 

rays through the second collimating lens, reflected from the prism, and then collected on the 

P signal layer of the optical disk through the objective lens. The second laser beam reflected 
from the signal layer of the optical disk is directly transmitted through the prism and the 
holographic lens, to be converged in the form of an optical spot through the light receiving 

15 lens. The optical spot is converted into the electric current signal through the photo diode (the 

lj| optical detecting means) and is outputted. 

! The first laser beam generated from the first light source is diverged into a divergence 

i^ 1 ray of a predetermined angle through the first collimating lens, reflected from the prism, and 

l -a. 

^ collected on the signal layer of the optical disk through the objective lens. Since the first laser 
^ beam is projected to the objective lens in the form of the divergence ray, the fracture surface 
aberration is kept within the acceptable range. The first laser beam reflected from the signal 
layer is converted into parallel rays through the holographic lens after being transmitted 
through the objective lens and the prism. The first laser beam which is converted into parallel 
rays, is converted on the photo diode (the optical detecting means) in the form of an optical 
25 spot which is almost identical with the optical spot of the second laser beam. The photo diode 
detects the optical spot and output the electric current signal. 

In the optical pickup according to the present invention, the two types of optical disk, 
requiring different laser beams of respective wave lengths, are reproducible through one 
objective lens and a single photo diode by utilizing a holographic lens. Accordingly, as fewer 



parts are required, the structure becomes simpler and manufacturing costs decrease. 



BRIEF DESCRIPTION OF THE DRAWINGS 



5 The above objects and advantages will be more apparent by describing the present 

invention with reference to the accompanied reference drawings, in which: 
FIG. 1 is a schematic view of a conventional optical disk drive. 
FIG. 2 is a schematic view of the optical pickup shown in FIG. 1. 
FIG. 3A is a schematic view of an optical pickup according to the preferred 
10 embodiment of the present invention showing a light path of a short wavelength laser beam. 

FIG. 3B is a schematic view of the optical pickup according to the preferred 
0 embodiment of the present invention showing a light path of a long wavelength laser beam 

p= 

p when the information is reproduced from the optical disk by the long wavelength. 

FIG. 3C is a schematic view of the optical pickup according to the preferred 
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i§ embodiment of the present invention showing the light path of the long wavelength laser beam 
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s in absence of an holographic lens. 

FIG. 4 is a perspective view of a holographic lens. 
^~ FIG. 5A is a sectional view of the holographic lens shown in FIG. 4 taken on line V-V 

m of FIG. 4. 
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20 FIG. 5B is a sectional view of the holographic lens shown in FIG. 5A. 

FIG. 6 is an enlarged sectional view of the portion A of the holographic lens shown in 
FIG. 5B. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

25 

FIG. 3 A is a schematic view of an optical pickup according to the preferred 
embodiment of the present invention showing a light path of a short wavelength laser beam. 
An optical pickup 100 according to the preferred embodiment of the present invention, 
includes a first laser beam source 111 and a second laser beam source 112 each generating a 
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laser beam of different wavelengths; an optical system 105 for collecting the laser beams 
generated from the first and second laser beam sources 111 and 112, reflected from a signal 
layer of an optical disk 1 10 and for transmitting the reflected laser beams toward a place 
opposite the optical disk 110, the optical system 105 including a holographic lens 117; and a 
detector 1 19 for detecting the laser beams reflected from the signal layer and for generating a 
signal. 

The first and second laser beam sources 1 1 1 and 1 12 are formed of laser diodes. The 
first laser beam, generated from the first laser beam source 111, has a wavelength which 
ranges approximately from 640nm to 660nm (or 770-800nm for a CD), and is preferably 
650nm. The second laser beam, generated from the second laser beam source 1 12, has a 
wavelength which ranges approximately from 400nm to 420nm, and is preferably 410nm. The 
first laser beam is for reproducing the information from the old type of optical disk (DVD and 
CD), i.e., from a low density optical disk 110' (see FIG. 3B), while the second laser beam is 
for reproducing the information from the recently developed high density optical disk 110. 

The optical system generally comprises a prism 115, an objective lens 116, and a light 
receiving lens 118. The prism 115 reflects the laser beam which has been transmitted through 
first and second collimating lenses 113 and 114 toward the optical disk 110. Further, the laser 
beam reflected from the signal layer of the optical disk 110 is projected to the detector 119 
after being transmitted through the prism 115. The objective lens 116 collects the laser beam 
which has been reflected from the prism 115 toward the optical disk 110, onto the signal layer 
of the optical disk 110. The light receiving lens 118 collects the laser beam which has been 
reflected from the signal layer and projects the light onto the detector 1 19 in the form of a 
spot. The objective lens 116 is optimized in accordance with the laser beam from the second 
laser beam source 1 12, so that the second laser beam may be converged on the exact position 
of the signal layer of the optical diskJIO. 

The second collimating le ns 1 14 converts the second laser beam generated from the 
second laser beam source 112 into parallel rays, while the first collimating lens 113 converts 
the first laser beam generated from the first laser beam source 1 1 1 into an incomplete parallel 
ray, i.e. , a divergence ray of a predetermined angle. The first collimating lens 1 13 diverges 
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the first laser beam at a predetermined angle to lower the fracture surface aberration of the 
optical spot of the first laser beam, which is collected onto the signal layer by the objective 
lens 116 optimized in accordance with the second laser beam within an acceptable limit. For 
the laser beam reflected from the signal layer of the optical disk 110 to be detected by the 
5 detector 119, it is generally known that the fracture surface aberration of the optical spot 

should be less than or equal to 0.08X ('A' denotes wavelength), when the spot is formed on 
the signal layer of the optical disk 1 10 after being collected by the objective lens 116. When 
the first laser beam is projected to the objective lens 116, optimized in accordance with the 
second laser beam, the fracture surface aberration of the spot on the signal layer of the optical 
10 disk 110 raises above 0.1 A. Accordingly, to lower the fracture surface aberration within the 

acceptable range, i.e., to lower the fracture surface aberration less than or equal to 0.08 A , 
t3 the first collimating lens 113 converts the first laser beam into the divergence ray of a / 
B p predetermined angle. Lowering the fracture surface aberration is achieved by adjusting the 
|y distance between the first laser beam source 111 and the first collimating lens 113. Here, the 
% predetermined angle ranges approximately from 0.4°~ 0.6°, and is preferably 0.5°. 
If! The detector 1 19 is preferably a photo diode for detecting the light and outputting an 

14, electric current signal. ^The photo diode 1 19 is also optimized for the size of the spot which is J 
formed as the second laser beam is collected. 

FIGS. 4-6 are various views of a holographic lens 117. The holographic lens 117 is 
|D disposed between the prism 115 and the light receiving lens 1 18 of the optical system. The 
holographic lens 1 17 is well known in the optical field as an optical element which diffracts 
and transmits the incident light using patterns 117a and 117b formed on the surface thereof. 
As shown in FIGS. 4 and 5A, the holographic lens 117, as employed in the preferred 
embodiment of the present invention, has a concentric annular pattern having a plurality of 
25 annular prominences and depressions 1 17a and 1 17b. Here, the widths of the respective 
prominences 117a and widths of the depressions are gradually decreasing from the center 
toward the most outer circumference of the annular pattern. Further, as shown in FIGS. 5B 
and 6, the inner surface of each prominence 1 17a may have a step-like shape having a plurality 
of steps 1 17c. The number of the steps 1 17c may be from three to five, and is preferably 
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four. The steps 1 17c, enhance the efficiency of the optical conversion of the holographic lens 
117. 

The pattern formed by the prominences 117a and the steps 117c are designed such that 
the first laser beam to be projected onto the holographic lens 1 17 as ji convergence ray is 
converted into the parallel ray while the convergence ray is transmitted. It is believed that 
those skilled in this art can, based upon the teachings contained herein, design the pattern to 
meet the requirements of the present invention. 7 

The reproducing of information from a high density optical disk 1 10 utilizing the 
second laser beam will now be described with respect to FIG. 3A. As the high density optical 
disk 110 is loaded on the optical disk drive, the optical pickup 100 is moved to a 
predetermined place with respect to the optical disk 110 by a driving section (now shown). 
Then, the laser beam is generated from the second laser beam source 1 12. The second laser 
beam is converted into parallel rays while being transmitted through the second collimating 
lens 114, and then reflected by the prism 115 toward the optical disk 110. The reflected 
second laser beam is collected on the signal layer of the optical disk 110 by the objective lens 
1 16. The collected laser beam is reflected from the signal layer of the optical disk 1 10, 
transmitted through the objective lens 116, converted into parallel rays, and then projected to 
the prism 1 15. The transmitted second laser beam is projected to the holographic lens 117. 
The holographic lens 117 does not serve as a lens with respect to the second laser beam, so 
that the second laser beam is simply transmitted through the holographic lens 1 17. The second 
laser beam is then collected by the light receiving lens 118 and converged on the surface of the 
detector, i.e., on the surface of the photo diode 119, in the form of a spot. The photo diode 
119 detects the spot formed on the surface thereof, and outputs an electric current signal 
corresponding to the spot. The outputted electric current signal is inputted to a signal 
processing section (now shown). 

The reproducing of information from a low density optical disk 110' will now be 
described with reference to FIGS. 3B and 3B. When the low density optical disk 110' is 
loaded on the optical disk drive a driving section (not shown) moves the optical pickup 100 to 
a predetermined place with respect to the optical disk 110'. The first laser beam is then 
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generated from the first laser beam source 111. The first laser beam is transmitted through the 
first collimating lens 1 13 to be converted into a divergence ray having a predetermined angle. 
The divergence ray is reflected from the prism 115 toward the optical disk 110\ The reflected 
first laser beam is collected on the signal layer of the optical disk 110' by the objective lens 
5 1 16. In this situation, since the first laser beam is projected to the objective lens 1 16 as a 
divergence ray of a predetermined angle, the fracture surface aberration of the optical spot 
falls within the acceptable range, even though the optical spot is collected on the signal layer 
of the optical disk 1 10' by the objective lens 1 16 (optimized with respect to the second laser 
beam). The laser beam reflected from the signal layer of the optical disk 110* is transmitted 

10 through the objective lens 1 16, and projected to the prism 115. Further, since the first laser 
beam is projected to the objective lens 1 16 in the form of a divergence ray of a predetermined 

□ angle, the first laser beam becomes a convergence ray of a predetermined angle as the first 

laser beam is reflected from the signal layer of the optical disk 110* and re-transmitted through 

pa 

llj the objective lens 116. The convergence ray is converged onto the photo diode 119 in the 

S§ form of a spot after being transmitted through the prism 1 15, the holographic lens 117, and the 

IH light receiving lens 118. 

In the absence of the holographic lens 1 17 between the prism 1 15 and the light 
receiving lens 118 (See FIG. 3C), the beam width of the first laser beam projected to the light 
N receiving lens 118 is narrowed substantially. Accordingly, the focus of the first laser beam, 
£Q which is collected by the light receiving lens 118, is converged to a place between the light 

receiving lens 118 and the surface of the photo diode 1 19. Accordingly, the optical spot of the 
first laser beam on the surface of the photo diode 1 19 would be formed to a relatively larger 
size, as shown in FIG. 3C, so that the optical spot is not available. The optical pickup 
according to the present invention solves the above problem by utilizing the holographic lens 
25 1 17. More specifically, as shown in FIG. 3B, the first laser beam after being transmitted 

through the prism 1 15 is projected to the holographic lens 1 17 in the form of a convergence 
ray. The incident first laser beam to the holographic lens 117 is converted into a parallel ray 
by the holographic lens 117. As shown in FIG. 5A, with one step 117c formed on the surface 
of the prominence 1 17a of the pattern of the holographic lens 117, forty percent (40%) of the 
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incident ray is converted into the parallel ray, while, as shown in FIG. 5B, with four steps 
1 17c formed on the surface of the prominence 1 17a of the pattern of the holographic lens 1 17, 
eighty one percent (81 %) of the incident ray is converted into a parallel ray. More steps 1 17c 
formed on the inner surface of the prominence 1 17a in a predetermined limit may result in a 
greater efficiency in optical conversion of the holographic lens 117. When the number of the 
steps 117c exceeds the predetermined limit, however, there will be no more enhancement of 
the optical conversion efficiency. As a result, the number of the steps 1 17c should be three to 
five, and preferably four. 

The first laser beam, which is converted into a parallel ray by the holographic lens 117, 
is collected by the light receiving lens 1 18 and converged on the surface of the photo diode 
1 19 in the form of an optical spot substantially the same size as the optical spot produced by 
the second laser beam. Also, the size of the optical spot of the first laser beam which is 
collected by the light receiving lens 118 and the size of the optical spot of the second laser 
beam can be adjusted to be identical by properly adjusting the distance between the 
holographic lens 1 17 and the objective lens 116. When the optical spot of the first laser beam 
is formed on the surface of the photo diode 119, the photo diode 119 detects the optical spot 
andputputs corresponding electric current signal to signal processing section (not shown). 

As described above, according to the present / irfvention, the optical spots of laser beams 
of different wavelengths are adjusted to be substantially identical with each other in size 
utilizing the objective lens 1 16 and the hpkigraphic lens 1 17. Accordingly, a simple structure 
with fewer parts is realized in whidHhe optical pickup 100 reproduces the information from 
two difference types of opticapdisks 110 and 110* using laser beams of different wavelengths. 
Further, since the stmctjtre of the optical pickup 100 is simple, and the number of parts is 
reduced, the manii|a^turing cost for the optical pickup and the optical disk drive employing the 
same is reduced^ 

While the present invention has been particularly shown and described with reference to 
the preferred embodiment thereof, it will be understood by those skilled in the art that various 
changes in form and details may be effected therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 



